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Abstract: P u r p o s e: The human body is known to be composed of 24 elements, among which 
potassium, sodium and calcium are considered to be essential. These necessary components play 
a significant physiological role which includes regulation of the electrical and mechanical action of 
the heart. Abnormal concentration of the above-mentioned ions, i.e. water-electrolyte imbalance, may 
result in cardiac arrhythmias, muscle contraction disorders, disturbances of neuronal activity and 
influences the drugs activity. 
M e t h o d s: The study aimed at gathering and analyzing results of publicly available research which 
reported serum concentration of these ions. This information, together with an additional collection 
of data (gender, age, height, weight, measurement method), is presented in table form attached as 
supplementary material. 
R e s u l t s: The serum ions concentrations means weighted by the study-specific sample sizes indicated 
statistically significant differences between males and females for all ions — K+ 4.21 and 4.09, Na+ 
140.1 and 138.17, Ca2+ 2.42 and 2.31 respectively). 
C o n c l u s i o n s: Obtained results correspond with the current laboratory reference values. As potas-
sium, sodium and calcium follow the circadian rhythm, publications reporting serum concentration 
values were also collected and presented. Further studies are planned to describe such phenomenon in 
a form of the statistical model. 
Key words: serum, potassium, calcium, sodium, healthy volunteers.
INTRODUCTION
The human body is made up of 24 elements, among them mineral elements, 
which include major and trace elements and constitute ca. 0.7% of total atoms [1]. 
The most common mineral elements include calcium (Ca2+), sodium (Na+) and 
potassium (K+). The aim of the study was to collect and analyze data describing 
total serum concentration of these ions in healthy individuals. 
POTASSIUM, SODIUM, CALCIUM — BODY CONCENTRATION, HOMEOSTASIS  
AND PHYSIOLOGICAL ROLE
The key organ involved in the regulation of potassium and sodium levels is the 
kidney (up to 90% of potassium and 95% of sodium daily excretion) with renin- 
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angiotensin-aldosterone (RAA) as the most important regulatory hormone system 
[2, 3]. Sodium is also excreted with sweat and potassium with feaces [4]. Natriu-
resis is promoted by atrial natriuretic peptide, hipercalcemia or hipokaliemia and 
inhibited by RAA, while kaliuresis is supported by aldosterone and decreased by 
RAA blockade [5]. Both cations excretion is dependent on many hormonal and 
humoral factors, including the activity of the sympathetic nervous system. Me-
chanisms responsible for the balance between potassium intra- and extracellular 
concentration play a crucial role in maintaining its serum level. There are many 
ionic pumps and ion channels regulated by the above-mentioned hormones and 
involved in Na+ and K+ homeostasis. Among them the most important one and 
responsible for formation of transmembrane potential and maintaining the resting 
potential in all living cells is Na+/K+-ATPase, which actively transport potassium 
into and sodium out of the cells [3, 6].
Calcium homeostasis is regulated mainly by hormones and vitamins: parathy-
roid hormone, calcitonin and 1a, 25-dihydroxyvitamin D. Extracellular calcium is 
regulated through exchanges with bones, excretion through the kidney, and oral 
intake. As calcium serum level need fast and accurate control, renal excretion 
guarantees relatively rapid regulation with approximately 250 mmol of calcium 
filtered by the glomeruli per day [7], and only a small fraction (1–10 mmol/day) 
of the filtered load is excreted [8]. Approximately 100 mmol from the 25–30 mo-
les of total skeletal calcium is considered to be available for immediate exchange 
with serum resources [9]. 
POTASSIUM
The physiological serum concentration of this ion is in the range of 3.5 to 5.0 mi-
limole per liter (mM). It is one of the most important ionic components of the 
intracellular fluid. Potassium is a necessary element playing a physiological role 
in multiple processes such as the electrical impulse conduction and the con-
traction of smooth and skeletal muscles, including the heart. It is the increased 
efflux of K+ ions from cardiomyocytes that determines their return to the resting 
state. It also facilitates cell membrane function and proper enzyme activity. Its 
role is especially significant in the excitable cells, such as neurons. The resting 
potential of these cells depends mainly on potassium, since their membrane is 
the most permeable to this ion [1]. 
SODIUM
The human body contains ca. 105 grams of sodium located mainly in the bones, 
extracellular fluids (i.e. serum) and tissues. Bone crystals play a reservoir role and 
release sodium in case of serum level deficiency [9]. Its presence in the nerves 
and muscle tissues, also those of the heart, is of the greatest importance. The 
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physiological level in the serum ranges from 135 mM to 145 mM. The sodium 
ion is the major extracellular cation, responsible for the osmotic pressure of body 
fluids. In excitable cells, rapidly increasing membrane permeability to sodium 
ions is responsible for formation of action potential [1]. 
CALCIUM
The physiological concentration of total calcium in serum is assumed to lie be-
tween 2.2 and 2.6 mM [10]. About half of this is free in solution, with the re-
mainder bound to serum albumin and other serum components, such as citrate 
and thus clear differentiation between plasma and serum concentration needs 
to be undertaken during the data analysis. The total amount of calcium in the 
extracellular fluid is about 1 gram [11]. Nearly all of the body’s calcium is sto-
red in bones (ca. 99%). Calcium is involved in many physiological processes in 
the human body. Apart from being the second messenger, enzyme cofactor and 
component of bone tissue, it also plays a role in muscle contraction. Increased 
membrane permeability of cardiomyocytes to calcium ions results in a characte-
ristic plateau (phase two of the action potential) [1, 12].
CIRCADIAN RHYTHMS
It is a well-known phenomenon that some physiological parameters follow a rhy-
thmical pattern during the 24-hour diurnal cycle, which is regulated by an in-
ternal time-keeping system consisting of the endogenous biological master clock 
located in the hypothalamic suprachiasmatic nuclei and structures present in 
the peripheral tissues [13]. They are also influenced by external parameters, 
including lifestyle, feeding behaviours, etc. [14]. Among the ions analyzed in this 
study, potassium and sodium clearly follow the circadian variation, which has 
been shown in numerous investigations and described using the cosinor model 
[15–18]. The rhythmicity of the serum calcium concentration is less clear, altho-
ugh some studies have testified to its existence (see the Results section) [17, 19].
PHYSIOLOGICAL CONSEQUENCES OF DISRUPTING ION LEVELS
Due to the fact that potassium, sodium and calcium are involved in a number 
of physiological processes, proper ionic concentration is crucial to ensure correct 
functioning of the entire body. Abnormal ionic levels may be graded according 
to the Common Terminology Criteria for Adverse Events (CTCAE v4.0) presen-
ted in Table 1. Depending on the grade, the patient may remain asymptomatic 
(usually Grade 1), require hospitalization (Grade 3), experience life threatening 
consequences (Grade 4) or even die (always classified as Grade 5, regardless of 
ionic concentration levels) [20].
56
T
a
b
le
 1
G
ra
d
es
 o
f 
ab
n
or
m
al
 i
on
ic
 c
on
ce
n
tr
at
io
n
 a
cc
or
d
in
g 
to
 C
T
C
A
E
 v
 4
.0
 [
2
0
].
G
ra
d
e
Io
n
K
+
N
a+
C
a2
+
H
yp
ok
al
em
ia
H
yp
er
k
al
em
ia
H
yp
on
at
re
m
ia
H
yp
er
n
ar
te
m
ia
H
yp
oc
al
ce
m
ia
*
H
yp
er
ca
lc
em
ia
*
1
<L
LN
 —
 3
.0
 m
M
>U
LN
 —
 5
.5
 m
M
<L
LN
 —
 1
3
0
 m
M
>U
LN
 —
 1
5
0
 m
M
<L
LN
 —
 8
.0
 m
g/
d
L;
<L
LN
 —
 2
.0
 m
M
>U
LN
 —
 1
1
.5
 m
g/
d
L;
>U
LN
 —
 2
.9
 m
M
2
<L
LN
 —
 3
.0
 m
M
b
u
t 
sy
m
p
to
m
at
ic
>5
.5
 —
 6
.0
 m
M
—
>1
5
0
 —
 1
5
5
 m
M
<8
.0
 —
 7
.0
 m
g/
d
L;
<2
.0
 —
 1
.7
5
 m
M
>1
1
.5
 —
 1
2
.5
 m
g/
d
L;
>2
.9
 —
 3
.1
 m
M
3
<3
.0
 —
 2
.5
 m
M
>6
.0
 —
 7
.0
 m
M
<1
3
0
 —
 1
2
0
 m
M
>1
5
5
 —
 1
6
0
 m
M
<7
.0
 —
 6
.0
 m
g/
d
L;
<1
.7
5
 —
 1
.5
 m
M
>1
2
.5
 —
 1
3
.5
 m
g/
d
L;
>3
.1
 —
 3
.4
 m
M
4
<2
.5
 m
M
>7
.0
 m
M
<1
2
0
 m
M
>1
6
0
 m
M
<6
.0
 m
g/
d
L;
<1
.5
 m
M
>1
3
.5
 m
g/
d
L;
>3
.4
 m
M
5
D
ea
th
LL
N
 —
 l
ow
er
 l
im
it
 o
f 
n
or
m
al
; 
U
LN
 —
 u
p
p
er
 l
im
it
 o
f 
n
or
m
al
; 
*S
ep
ar
at
e 
va
lu
es
 g
iv
en
 f
or
 i
on
iz
ed
 c
al
ci
u
m
 l
ev
el
.
57
POTASSIUM
A reduction of potassium level (hypokalemia) is associated with muscle weakness 
due to rhabdomyolysis, which may subsequently lead to paralysis, hypoventilation 
and respiratory failure. Other symptoms include: hypotension, cramping, fasci-
culation, urinary retention and paralytic ileus. Persistent hypokalemia results in 
an impairment of the renal concentrating ability. The effect of mild hypokalemia 
on the electrocardiogram (ECG) may be minimal. Grade ≥2 hypokalemia results 
in the sagging of the ST segment, increases the length of the PQ interval, the T 
wave becomes depressed while the U wave is elevated. In profound hypokalemia, 
the T wave is gradually getting bigger, while the U wave is getting larger. The 
T wave may sometimes merge with the U wave, which may be mistaken for the 
long QT syndrome. Abnormally low potassium levels are also the reason for pre-
mature ventricular and atrial contractions, tachyarrhythmias and atrioventricular 
blocks. Severe hypokalemia may result in ventricular fibrillation and torsade de 
pointes [4]. 
Mild hyperkalemia rarely causes any symptoms. High potassium levels may, 
however, cause flaccid paralysis and confusion. In grade 2, ECG changes may be 
observed, such as PR interval prolongation and QT interval shortening. A further 
increase in the level of potassium (grade 3) may result in a greater widening of 
the QRS complex, loss of P wave and ventricular arrhythmias. In the end, the 
QRS complex degenerates into a sine-wave pattern, and asystole or ventricular 
fibrillation occurs [4].
SODIUM
Hyponatremia is associated with such symptoms as: confusion, lethargy, fatigue, 
headache, nausea, vomiting, loss of appetite, spasms, cramps, seizures, depressed 
neural reflexes and ST elevation on ECG. If the serum sodium concentration falls 
to grade 4, stupor, neuromuscular hyperexcitability, hyperreflexia, seizures and 
coma appear, which may lead to death [4, 13, 20]. 
The major symptoms of hypernatremia are connected with brain cell shrinkage. 
Depending on the duration of the ion abnormal level and on actual blood volu-
me the signs of hypernatremia may include: thirst, neuromuscular excitability, 
confusion, seizures, coma and cardiopulmonary arrest [4, 20].
CALCIUM
In the case of profound hypocalcemia, hypersensitivity in the neuromuscular 
system, known as tetany, is followed by tremors, uncontrolled muscle contraction 
and finally, convulsions, which lead to larynx and/or diaphragm contractions 
and subsequent death. Arrhythmias or heart blocks are also possible. Mild hy-
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pocalcemia is related to bone abnormalities and dehydration, while severe hypo-
calcemia may cause ECG abnormalities, such as QT intervals and ST segments 
prolongation, T-wave elevation or its inversion [5, 20]. 
Chronic form of hypercalcemia is connected with neurological and neuro-
muscular disturbances as adynamia, vomiting, gastric ulcers, pancreatitis, renal 
failure, and cardiac arrhythmia or hypertension. Severe hypercalcemia (grade 4) 
may also result in cardiac arrest. A strong increase in the level of calcium is 
accompanied by QTc interval shortening, PQ interval elongation (similarly to hy-
pokaliemia) and possible arrhythmias [5, 20].
MATERIALS AND METHODS
STUDY ASSUMPTIONS
Publicly available scientific literature was chosen as the only source of data, re-
ported either directly in the text or in the form of graphs and figures, which were 
digitized using specialized software [21]. Mean serum concentration expressed 
in mM was chosen as the analyzed endpoint. Dispersion was described using 
the standard deviation (SD). If different units were reported, the gathered va-
lues were recalculated to mM and SD, respectively. There was no publication 
date restriction and it was assumed that all measurement methods used in the 
analyzed studies were equally precise and sensitive. However, information about 
the measurement method was collected whenever possible and is reported below. 
Additional reported data include: the sex ratio, mean age in years (presented 
either as a mean value with the dispersion measure [SD] or range, depending on 
the studied report), height (cm) and weight (kg), which were collected whenever 
possible. Ethnicity was not considered and analyzed as an independent factor, 
therefore reported data are not racially stratified.
LITERATURE ANALYSIS AND COLLECTED DATA PROCESSING
Main Scopus, Medline and Google Scholar searches were performed. The key 
phrases used during the searches were: “potassium serum concentration”, “cal-
cium serum concentration”, “sodium serum concentration”, AND “healthy vo-
lunteers” or “control” either in the article title, keywords or abstract. To find 
articles describing circadian variation, the following terms were used: “circadian”, 
“diurnal” and “rhythm”. Every available English-language paper was carefully 
evaluated and the results were noted down in two Excel spread sheets, separately 
for static (time of the measurement not reported) and dynamic values (circadian 
rhythm, with the time of measurement reported). Collected data describing ionic 
concentration were further analysed for the differences between genders. For 
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this analysis, records containing information about the mean age of the studied 
cohort, separately for males and females, were chosen. As there is no standard 
method for the bivariate and multivariate analysis of aggregated data age — con-
centration interdependence was visually analysed as presented on the attached 
as the supplementary materials scatterplots which indicate no correlation for 
potassium and sodium (Supplement 2). There might be a weak interdependence 
between age and calcium ion concentration although individual data would be 
needed to falsify such hypothesis. For each ion, an overall mean of the serum 
concentration was calculated as a mean of study-specific means weighted by 
study-specific sample sizes. We also calculated an overall standard deviation, 
describing dispersion of individual concentration values around the overall mean. 
Calculations were performed separately for men and women.
RESULTS
STATIC DATA
The full set of collected data is presented in the supplementary results section 
as a separate file (Supplement 1). Table 2 presented below contains data records 
chosen for further analysis for potassium, sodium and calcium, respectively. 
Demographic and physiological parameters include gender and age. The mean 
serum ionic concentration is a dependent parameter. The number of individuals 
in all studies was also reported. Table 2 presents also the serum ions concen-
tration means weighted by the study-specific sample sizes and overall standard 
deviations around the overall mean. The two sample t-test indicated statistically 
significant differences between males and females for all ions. All p-values were 
below 0.001.
CIRCADIAN DATA
The full set of collected data describing circadian rhythm of the serum concen-
tration of the three studied ions is presented in Table 3.
DISCUSSION
The aim of the study was to collect and analyze reports providing data on the 
serum concentration of three necessary elements — potassium, sodium and cal-
cium. Collected data were further analysed to provide average values and their 
dispersion separately for males and females. There is a noticeable general trend 
toward higher ionic concentration in men than in women. The statistical signifi-
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cance of this phenomenon was further tested using two sample t-tests (p <0.001). 
It could be speculated that differences in the ions levels may be partially respon-
sible for the differences between genders in the incidence of the drugs triggered 
arrhythmias or the incidence of death resulting from cardiovascular events, espe-
cially in various age subgroups [22, 23]. The problem is obviously much more 
complex. Other factors including e.g. hormones turnover affect simultaneously 
both: cations levels and death rate due to cardiovascular diseases or the risk of 
arrhythmias. It has been shown that not only do men and women vary in term 
of steroid hormonal system, but also they have different expression of genes 
encoding heart ions channels [24]. There are separate studies needed to falsify 
such hypothesis. Then, ions levels could serve as one of the available surrogates: 
cheap, accessible and often studied in the population also for other indications.
Different normal range values of metabolic panel components for men and 
women are already used for some parameters such as liver function tests, uric 
acid, creatinine, creatine kinase, hormone levels and others. However, for potas-
sium, sodium and calcium, no differences between sexes in normal ranges have 
been used so far in daily clinical practice [5, 10].
The calculated values could be compared with the reference values. The most 
commonly used standard concentrations for the three analysed ions are presented 
in Table 1. Data gathered from the literature correspond with the presented range.
It is worth noticing that the concentration of ions just below or above the normal 
range are not always considered pathological or require treatment (see Table 1). 
There may be numerous plausible explanations for this, one of them being the 
fact that normal value ranges may vary slightly among different laboratories. 
Moreover, the existence of biological variation has been widely described, such as 
the above-mentioned biological cycles or rhythms which may also play significant 
role. All individuals, regardless of the study type, experience these inter- and 
intra-subject variations, which should never be ignored.
Ion serum concentration can be also affected by the demographic, sociological 
and physiological factors, including age, ethnicity, geographic location as well as 
diet, which was also reported [25–27]. Data obtained in different laboratories may 
be influenced by pre-analytical and analytical factors. As for the former, patient 
preparation, proper sample collection, transport and testing time and conditions 
must be ensured as these elements may change ionic concentration. For example, 
prolonged transport time may indicate higher potassium levels due to the lysis 
of cellular components and prolonged venous stasis during blood collection may 
result in calcium level abnormalities. 
Our study collected records gathered throughout three decades. Comparing the 
older with more recent data we have to bear in mind the difficulties and possible 
errors resulting from that as it is undeniable that the laboratory standards have 
undergone great variation in that time in terms of calibration regulations, per-
forming population-based reference values and the type of reagents or methods 
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T a b l e  2
Serum potassium, sodium and calcium concentration derived from the healthy volunteers studies. 
Weighted means of the serum ions concentration.
Author 
[Ref.]
Year Gender n
Age [years] K+ [mM]
Mean SD Concentration SD
Total 
n
Mean  
weighted
concentration
SD
Chun [13] 2008
Female
59 23.8 4.6 4.06 0.31
328 4.09 0.45
49 23.5 4.2 4.02 0.35
Luft [31] 1979
115 32.7 15.0 4.25 0.32
35 28.5 10.0 4.14 0.35
Hallen [32] 1994 6 21.0 0.5 4.25 0.29
Martinerie 
[33]
2009 47 31.9 4.2 3.70 0.7
Heenan 
[34]
2003 17 27.1 5.8 4.20 0.41
Federenko 
[35]
2011
Male
10 24.0 7.5 4.14 0.02
496 4.21 0.35
10 24.0 7.5 4.15 0.02
McKenna 
[36]
1997 6 21.2 1.5 4.40 0.25
Miller [37] 2009 9 25.0 2.0 4.40 0.30
Karakoc 
[38]
2005 10 18.4 1.3 4.10 0.30
Krapf [25] 1991
4 28.1 3.6 4.50 0.40
5 28.1 3.6 4.60 0.45
Pearson 
[39]
2011 11 21.0 2.0 4.00 0.33
used. Most of the studies are performed using automatic analyzers [25, 28]. Other 
laboratories use flame photometry [26, 29] or ion-sensitive electrodes [24] and 
in the case of some results, the method used remains unknown [2]. Depending 
on the type of method (direct or indirect), some difficulties in testing have been 
described, such as erroneous sodium results in individuals with disrupted pro-
tein concentration when using indirect ion-selective electrode method [28]. Such 
parameters were not analysed in our study due to the lack of data, which is 
probably the greatest source of uncertainty. On the other hand, currently, the 
same automated analyzers and techniques are widely used around the world, so 
we are not afraid to compare data from different laboratories, because possible 
biases or errors described above may affect all of them to a similar extent.
The collected data are intended to be used as the source of information about 
physiological variability during the modelling and simulation of the drug-triggered 
left ventricular wall electrophysiology disruption [30].
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T a b l e  2 c o n t.
Author 
[Ref.]
Year Gender n
Age [years] K+ [mM]
Mean SD Concentration SD
Total 
n
Mean  
weighted
concentration
SD
Chun [13] 2008
Male
52 22.9 4.3 4.13 0.36
496 4.21 0.35
39 22.1 3.7 4.04 0.31
Luft [31] 1979
145 28.9 13.3 4.30 0.36
42 30.7 11.7 4.24 0.32
Bonfils [9] 2010 27 68.0 3.1 4.00 0.20
Jartti [18] 1998
6 24.0 0.0 4.00 0.24
6 24.0 0.0 4.20 0.24
Afshar [40] 2009 18 18.9 0.9 4.20 0.30
Zorbas 
[41]
2001
10 25.0 7.7 4.16 0.12
10 24.5 8.0 4.12 0.14
10 23.9 6.7 4.12 0.11
Zorbas 
[42]
2001
10 24.7 6.8 4.20 0.30
10 23.9 7.0 4.00 0.50
10 25.4 5.6 4.10 0.20
Zorbas 
[43]
1998
10 23.8 4.2 4.70 0.11
10 25.4 3.0 4.50 0.13
10 24.9 3.0 4.60 0.13
Laso [44] 1991 6 21.6 0.5 3.80 0.12
Chun [13] 2008
Female
59 23.8 4.6 137.8 2.30
322 138.17 4.40
49 23.5 4.2 137.8 2.10
Luft [31] 1979
115 32.7 15.0 140.3 4.29
35 28.5 10.0 139.3 2.37
Martinerie 
[33]
2009 47 31.9 4.2 132.3 4.80
Heenan 
[34]
2003 17 27.1 5.8 140.0 1.65
McKenna 
[36]
1997
Male
6 21.2 1.5
139.7 1.00
553 140.10 3.02
Miller [37] 2009 9 25.0 2.0 141.0 1.00
Karakoc 
[38]
2005 10 18.4 1.3 142.0 3.80
Krapf [25] 1991
4 28.1 3.6 141.5 1.00
5 28.1 3.6 139.3 1.60
Pearson 
[39]
2011 11 21.0 2.0 139.0 3.32
Chun [13] 2008
52 22.9 4.3 137.9 2.16
39 22.1 3.7 137.9 1.87
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Author 
[Ref.]
Year Gender n
Age [years] K+ [mM]
Mean SD Concentration SD
Total 
n
Mean  
weighted
concentration
SD
Luft [31] 1979
Male
145 28.9 13.3 141.3 3.61
553 140.10 3.02
42 30.7 11.7 139.9 2.59
Bonfils  
[9]
2010 27 68.0 3.1
139.0 1.90
Afshar  
[40]
2009 18 18.9 0.9 136.7 3.10
Zorbas 
[41]
2001
10 25.0 7.7 139.1 0.60
10 24.5 8.0 140.3 1.00
10 23.9 6.7 142.3 0.40
Zorbas 
[42]
2001
10 24.7 6.8 140.0 0.50
10 23.9 7.0 138.0 0.70
10 25.4 5.6 137.0 0.50
Zorbas 
[43]
1998
10 23.8 4.2 143.0 0.80
10 25.4 3.0 142.0 1.10
10 24.9 3.0 141.0 1.50
Sothern 
[18]
1996
21 51.3 8.7 140.3 0.96
14 41,0 7.2 140.3 0.20
Miller [37] 2010
10 25.4 0.7 138.6 2.21
10 25.4 0.7 139.3 1.90
Zorbas 
[45]
1994
10 25.5 7.6 143.0 0.10
10 24.9 9.7 140.0 0.13
Goldberg 
[46]
1973
Female
271 48.0 12.8 2.375 0.13
1783 2.31 0.14
Horwitz 
[61]
2010
15 58.0 8.1 2.325 0.10
10 57.0 7.0 2.325 0.08
10 55.0 5.1 2.375 0.08
6 60.0 7.3 2.45 0.06
Lorentzon 
[29 2001
69 17.0 1.2 2.14 0.08
Schlemmer 
[47]
1999
11 24.0 5.0 2.31 0.03
11 24.0 5.0 2.33 0.07
Yan [48] 2002
48 30.9 3.2 2.46 0.30
48 66.9 2.7 2.63 0.14
Engel [50] 2010 1272 56.9 6.4 2.29 0.10
Brandi [7] 2002
6 40.5 13.5 2.33 0.05
6 28.0 16.2 2.32 0.03
T a b l e  2 c o n t.
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Author Year Ref. Age SD
Sex 
M/F
Time of 
day
Ion
K+ SD Na+ SD Ca2+ SD
Williams 1972 [51] 22,5 3.0 4/2
10:00 4.50 0.13 141.00 2.45
14:00 4.47 0.19 141.00 4.90
17:00 4.48 0.23 140.00 4.90
23:00 4.10 0.28 139.00 1.23
Jubiz 1972 [52]
22-
32
8/2
08:00 2.60 0.05
10:00 2.63 0.08
12:00 2.63 0.05
14:00 2.60 0.05
16:00 2.60 0.05
18:00 2.63 0.08
20:00 2.70 0.08
22:00 2.63 0.05
T a b l e  3
Circadian rhythm of the serum concentration derived from the available literature sources.
T a b l e  2 c o n t.
Author 
[Ref.]
Year Gender n
Age [years] K+ [mM]
Mean SD Concentration SD
Total 
n
Mean  
weighted
concentration
SD
Blanchard 
[49]
2001
Male
5 35.0 17.9 2.25 0.06
475 2.42 0.20
4 33.0 4.0 2.26 0.08
48 31.1 3.4 2.66 0.14
50 68.9 2.9 2.44 0.16
Goldberg 
[46] 1973 248 48.7 12.8 2.425 0.18
Zorbas 
[41]
2001
10 25.0 7.7 2.27 0.06
10 24.5 8.0 2.25 0.06
10 23.9 6.7 2.27 0.08
Zorbas 
[42]
2001
10 24.7 6.8 2.14 0.01
10 23.9 7.0 2.15 0.02
10 25.4 5.6 2.15 0.03
Zorbas 
[45]
1994
10 25.5 7.6 2.29 0.30
10 24.9 9.7 2.29 0.15
10 25.2 8.5 2.31 0.25
Zorbas 
[43]
1998
10 23.8 4.2 2.5 0.07
10 25.4 3.0 2.55 0.06
10 24.9 3.0 2.55 0.10
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T a b l e  3 c o n t.
Author Year Ref. Age SD
Sex 
M/F
Time of 
day
Ion
K+ SD Na+ SD Ca2+ SD
Jubiz 1972 [52]
22-
32
8/2
00:00 2.58 0.05
02:00 2.55 0.08
04:00 2.53 0.05
06:00 2.55 0.03
08:00 2.60 0.05
Morrison 1979 [53]
19-
30
9/11
08:30 4.10 0.26 140.70 1.64 2.37 0.08
12:30 4.07 0.23 140.20 1.65 2.40 0.08
16:30 3.95 0.26 140.80 1.72 2.39 0.08
Pocock 1989 [54]
40-
59
603/0
  9:00-
10:00
4.39 0.35
1041/0
 10:00-
11:00
4.42 0.25
947/0
 11:00-
12:00
4.41 0.27
847/0
 12:00-
13:00
4.38 0.28
426/0
 13:00-
14:00
4.26 0.33
317/0
 14:00-
15:00
4.26 0.45
735/0
 15:00-
16:00
4.26 0.29
918/0
 16:00-
17:00
4.25 0.25
912/0
 17:00-
18:00
4.26 0.25
863/0
 18:00-
19:00
4.26 0.29
Rittig 2006 [55] 13.2 0.8 6/4
08:00 4.12 142.20
14:00 4.12 141.90
20:00 4.16 141.40
23:00 3.95 142.60
02.00 3.92 141.60
05:00 4.15 141.60
08.00 4.29 142.10
Solomon 1991 [56] 37 7 2/6
12:00 4.10 0.20
16:00 4.14 0.28
20:00 4.00 0.28
00:00 3.98 0.20
04:00 4.12 0.25
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Author Year Ref. Age SD
Sex 
M/F
Time of 
day
Ion
K+ SD Na+ SD Ca2+ SD
Solomon 1991 [56] 37 7 2/6
08:00 4.13 0.17
12:00 4.07 0.28
16:00 4.10 0.25
Rejnmark 2002 [57] 58
50-
71
0/12
10:00 2.43 0.07
08:00 2.36 0.03
Sothern 1996 [18] 51 8.65 21/0
19:00 140.50 1.70
22:00 139.90 1.33
01:00 139.80 1.01
04:00 140.10 1.05
07:00 138.60 2.25
10:00 140.20 2.06
13:00 141.50 1.74
16:00 141.70 1.83
Statland 1973 [58] 3?/0
08:00 5.35 140.50 2.58
11:00 4.74 141.90 2.57
14:00 4.34 140.00 2.60
Schlemmer 1999 [47] 24 5 0/11
08:00 2.33 0.07
11:00 2.32 0.07
14:00 2.28 0.05
17:00 2.30 0.03
20:00 2.29 0.05
23:00 2.31 0.08
02:00 2.30 0.07
05:00 2.32 0.07
08:00 2.31 0.07
Markowitz 1985 [59]
17-
35
13/0
09:30 2.32
10:30 2.32
11:30 2.32
12:30 2.31
13:30 2.30
14:30 2.29
15:30 2.28
16:30 2.28
17:30 2.27
18:30 2.26
19:30 2.26
20:30 2.26
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